RaxmlGUI is a graphical user interface to RAxML, one of the most popular and widely used software for phylogenetic inference using maximum likelihood. Here we present raxmlGUI 2.0-beta, a complete rewrite of the GUI, which replaces raxmlGUI and seamlessly integrates RAxML binaries for all major operating systems providing an intuitive graphical front-end to set up and run phylogenetic analyses. Our program offers automated pipelines for analyses that require multiple successive calls of RAxML and built-in functions to concatenate alignment files while automatically specifying the appropriate partition settings. While the program presented here is a beta version, the most important functions and analyses are already implemented and functional and we encourage users to send us any feedback they may have. RaxmlGUI facilitates phylogenetic analyses by coupling an intuitive interface with the unmatched performance of RAxML.
Introduction
Phylogenetic inference is a keystone in evolutionary biology research. It provides the foundations for tackling a wide range of questions, from population dynamics to taxonomy of higher taxa. RAxML (Stamatakis, 2014) is one of the most widely used programs in phylogenetic analysis, implementing extremely fast algorithms to analyze large datasets using maximum likelihood. Despite the undisputed efficiency of RAxML, the program is only available through a command-line interface. This requires users to be familiar with the shell environment and to navigate through the ever-growing number of commands implemented in the program, which may exclude many potential users without such experience. RaxmlGUI (Silvestro and Michalak, 2012 ) is a graphical interface intended to facilitate phylogenetic analyses using RAxML by providing a graphical front-end to help users set up their analysis. Although this interface has been widely used, there are many areas of improvement in terms of accessibility, usage and performance.
Here, we present the first public beta version of raxmlGUI 2.0, a complete rewrite of the raxmlGUI program. This version brings a new cross-platform design, novel functionalities and a seamless integration with RAxML 8.2. Similarly to its predecessor, raxmlGUI 2.0 is designed to be easy to use, providing the user with an intuitive interface with access to the model settings required to setup and run a phylogenetic analysis. Here we describe the available options of raxmlGUI 2.0-beta and outline the upcoming features that will be supported in the official release of raxmlGUI 2.0.
Main features
The program comes with pre-compiled integrated versions of RAxML for the major operating systems (MacOS, Windows, Linux), including the PTHREADS and SSE3 versions (Stamatakis, 2014) allowing the user to run faster analyses using parallel computing, when multiple CPUs are available. RaxmlGUI 2.0 is structured in two parts The input panel provides options to load new alignments and create a concatenated file and to specify partition-specific substitution matrix. The analysis panel provides options to specify the type of analysis, evolutionary models and outgroup selection. The output panel gives easy access to the folder with the input files and a list of output files that appears upon completing the analysis. On the right side of the window the user can select the version of RAxML, start the analysis, and visualize the RAxML output.
( Fig. 1) , providing on the left all the commands and options to load input files, set up the analysis, define substitution models and partitions, among other features. On the right panel, it provides options to choose the RAxML version and start the analysis. A RAxML console is integrated in the GUI showing the progress of the analysis, the commands used to launch the analysis and all the screen output produced by RAxML.
Basic setup
RaxmlGUI 2.0 supports alignment files in two formats: extended PHYLIP and FASTA (example files are available in the program's repository). Upon loading an alignment, the program parses the names attributed to each sequence (e.g. the species name) and creates a list of taxa in the Outgroup menu button, which can be used to root the tree based on a user-defined outgroup (note that maximum likelihood trees can always be re-rooted after the analysis using tree-viewing software such as FigTree (Rambaut, 2012) ).
Phylogenetic analyses can be run based on different types of data: nucleotide sequences (DNA, RNA), amino acid sequences, discrete binary and multi-state characters (e.g. used for descriptions of morphological data). Since each data type requires a specific class of substitution models, raxmlGUI automatically recognizes the data type from the loaded input file and provides the user with a drop-down menu showing all the substitution models compatible with the alignment.
Analytical pipelines
The default analysis includes a maximum likelihood search of the best tree, The most important output of this analysis is named "RAxML_bipartitions.input.tre" (where input is by default the file name of the alignment) and includes the maximum likelihood tree topology and branch lengths with labels reporting the bootstrap scores for each node (bipartition) in the tree. All output files are by default saved in the same directory of the input file.
Other types of analysis are available in raxmlGUI 2.0. Some analyses integrate multiple calls to RAxML to simplify the user experience in a single pipeline. For instance, the ML + thorough bootstrap option launches a sequence of three RAxML calls to 1) infer the maximum likelihood tree through a user-defined number of independent searches; 2) run a user-defined number of thorough non-parametric bootstrap replicates;
and 3) draw the bootstrap support values onto the maximum likelihood tree.
Automatic concatenation of alignments
An important feature of raxmlGUI 2.0 is the automated concatenation and partitioning of alignments, which simplifies the analysis of multiple genes or combination of different data types, e.g. amino acids sequences and morphological data.
After loading the first alignment, the user can add new ones to concatenate them into a single analysis. Upon loading additional alignments, raxmlGUI 2.0 performs the following tasks:
• Parse the data to determine the data type (nucleotides, amino acids, multistate)
• Parse the taxa names to make sure the concatenation of sequences occurs across matching taxa even if they are listed in different order among input files • Create a combined dataset file in the same directory as the input files • Create a file defining the boundaries of each partition in the concatenated alignment (each alignment file is assigned a new partition) and the respective substitution matrix (for amino acid data only)
• For any mismatch between taxa of different partitions, give option to automatically create sequences of missing data in the concatenated alignment or drop taxa with missing sequences in any partition.
These features facilitate the concatenation of different alignment files and the creation of the partition files. They also reduce the probability of errors stemming from manually merging sequences by matching taxa names. Finally, raxmlGUI 2.0 also facilitate the generation of sparse matrices resulting from the combination of alignments with different and only partly overlapping taxonomic coverage.
Upcoming features
Upcoming updates of raxmlGUI will include full support of the latest version of RAxML-ng (Kozlov et al., 2019) , which provides improved performance for very large datasets.
Additional features will allow users to enforce topological tree constraints, to compute Robinson-Foulds distances (Pattengale et al., 2007) , and to enable more flexibility setting substitution models and dataset partitions. 
Availability and users' feedback
A public beta version of raxmlGUI 2.0 is available at antonellilab.github.io/raxmlGUI/ The program is open source and licensed under a 6 GNU Affero General Public License v3 (AGPL-3.0). We encourage users to report any issues, feature requests, and general feedback either as issues on GitHub github.com/AntonelliLab/raxmlGUI/issues (this requires a GitHub account) or by email at raxmlgui.help[at]gmail.com.
